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Specifications 

1. * Title of the Invention 

A Method for Deforming A Silicon Substrate 

2 . Claims 

(1) 1 A method for deforming a silicon substrate, 
characterized in that excimer laser beam is radiated onto a 
lapped and polished surface of a silicon substrate, thereby 
a quenching amorphous silicon layer is formed on the surface 
thereof . 

(2) A method for deforming a silicon substrate, 

1 
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characterized in that by use of radiation of excimer laser 
beam, when a lapped and polished rear side of a silicon 
substrate is melted instantaneously, it is melted in oxygen 
atmosphere or atmosphere including oxygen, thereby oxygen is 
solved in silicon. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a method for deforming 
the rear side of a silicon substrate, more specifically, the 
present invention relates to a technology for intensively 
capturing impurities such as heavy metals in a substrate on 
the rear side of a substrate by introducing a deformed 
portion on the rear side of a semiconductor substrate. 
[Prior Art] 

Conventionally, with respect to this kind of deformation 
of a semiconductor substrate, have been widely used a method 
wherein fine particles such as almina or silica or so are 
blasted onto a rear side, and the rear side of a substrate 
is damaged mechanically, thereby deformation is introduced, 
and another method wherein in the manufacturing process of 
semiconductor circuit elements, phosphorus and so forth are 
excessively sprayed onto or ion implemented into the rear 
side of a substrate, thereby crystal lattice is distorted. 
Besides the above methods, there is a method for deforming 
buy use of Nd : YAG laser, however, this has not yet been in 

2 
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practical applications. (Y.Hayafuji. et al . , The Journal of 
Electrochemical Society ( J . Elec trochem . Soc . ) , 128, 1975 
(1981) ) . 

And besides deforming the rear side of a substrate, 

there is a method wherein oxygen solved in a substrate is 
utilized (intrinsic gettering method) . In this method, in 
order to solve a necessary amount of oxygen evenly at a 
desired concentration, a method for controlling pulling up 
speed and rotational speed in a minute manner. 
[Problems to be Solved by the Invention] 

Among the above methods for giving deformation on a 
substrate rear side, in the method using fine particles, 
those fine particles become a source of pollution, 
decreasing the good product ratio of devices. While the 
method by diffusing impurities requires a heat treatment at 
high temperature. And in the method using ion 
implementation, it is not possible to obtain large ion 
current, as a result, it lacks of mass production property. 

In the deformation method using Nd : YAG laser, a laser 
beam is radiated intensively in order to obtain necessary 
energy density, therefore the beam diameter therein is apt 
to be small, and long hours are required for deforming a 
whole substrate surface. And when a pulse beam at high 
energy density is radiated in order to realize an effective 

3 
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gettering effect, there may be a laser group, and a 
substrate may become warped. 

While, in the method wherein flaws are made by use of 
oxygen solved in crystal lattice and gettering sites are 
made, in manufacturing a silicon ingot, it is necessary to 
control pulling up speed and rotational speed to make solved 
oxygen concentration constant, as a result, there is a limit 
in cost reduction. Further, it requires formation of death - 
dead zone and formation of gettering sides, which also cause 
cost increase, 

[Means to Solve the Problems] 

A method according to the present invention is one 
wherein excimer laser beam is radiated, thereby a silicon 
substrate surface layer is made amorphous. The absorption 
coefficient of silicon to excimer laser beam is as extremely 
large as about 10$. Accordingly, a heat distribution and 
time changes completely different from those in the case 
where a beam of small absorption coefficient such as Nd-.YAG 
laser beam occur on a silicon surface layer. As a result, 
according to the present invention, it is possible to make 
deformation locally at far lower energy density than by 
Nd : Y AG laser beam. 

A method according to the present invention is one 
wherein productivity is increased by use of a linear laser 
beam. By use of a spot beam of diameter 40 Jim like NdrYAG 
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laser, it will take about one minute and a half to give 
deformation on a whole - 4-inch substrate surface. In 
contrast, by use a linear beam by excimer laser, of width 
5cm at 100 Hz repeatedly, it will take only one second or so 
to deformation on a whole 4-inch substrate surface. 

A method according to the present invention is one 
wherein a laser beam is radiated onto a lapped and polished 
surface. A lapped and polished surface has a reflection 
ratio smaller than that of a specular surface. A lapped and 
polished surface has microfine and sharp concaves and 
convexes, by which a laser beam is irregularly reflected in 
multiple, thereby its absorption coefficient is increased 
substantially. This is very advantageous for formation of a 
rapid heat profile necessary for making a silicon surface 
layer amorphous . 

Another method according to the present invention is one 
wherein excimer laser beam is radiated in oxygen atmosphere 
or atmosphere including oxygen. Oxygen is ozonized by 
excimer laser beam. Ozone is apt to be taken in melted 
silicon, and increases solved oxygen concentration at 
solidification. When oxygen is taken in a substrate, it 
becomes a gettering site where flaws are generated. Since 
this gettering site and deformation generated by making the 
above silicon surface layer amorphous exist almost in a 
single area, therefore, it is more effective than the case 

5 
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of only deformation by making the surface amorphous. 
[Action] 

So as to explain temperature changes at radiation of 
excimer laser beam onto a silicon substrate, the following 
one-dimensional heat transmission equation (1) is solved. 

Ul£J-L> . _l( 0 LL^i.>) !P(xil , (1) 
wherein, x : coordinate in depth direction 

T (xit) : temperature {at coordinate x and time t) 

P (xit) : heat generation item 

The above one-dimensional heat transmission equation is 
rewritten into a difference equation as shown in the 
equation (2) shown later herein, and analyzed. Now suppose 
that a silicon substrate is divided into microfine areas, 
and suppose the heat flow-in and flow-out from another 
microfine area adjacent to an area. Dividing into microfine 
areas is made in one diminution from surface to depth 
direction. The size of microfine areas is made fine at 
surface, while coarse at inside. Laser pulse time is divided 
into time At that is 10 minutes shorter than the above time, 
and heat amount flowing in from external side within each 
time At is given instantaneously to the first of each At and 
then become appropriate. At is taken short at time 
corresponding to laser pulse, while taken rough at other. 
Suppose that the heat generation item has other value than 
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zero only at microfine area corresponding to intrusion depth 
of laser beam. 



Ci(T ^ « PT'^Z ^t.-.CT.I.-r!) . (2) 

wherein, T n 1+m : temperature at time tn and cell i+m 
At = t n - t n -1 

1 K 1+rn : heat transmission degree between cells i 

and i+m 

CI : heat capacity of cell i 

P n 1 : Heat generation item at time tn and cell i 
The equation (2) is solved under the following boundary 
condition. 

U(».,t» I .a. T( »- U 1 .const. 

2i 1 n . a I »-.- (3) 

Other physical constants used herein are shown in TABLE 

1. 
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TABLE 1 Constants used in calculation 



Specific heat (j/gx) 


C 


- 0.91 - 


1.0 




Density (g/cm3) 


P 








f\cJ.lcUtiun rauio 


R 


= 0.6 






Light intensity (MW/cm2) 


1 


X a. u 


1 -/ J 


mu 






= 2.6 at 


248 


run 


Absorption coefficient (cm-i) 


a 


(900t) = 


2.0 


X 106 


Heat diffusion coefficient (cm 2 /s) 


D 


ooot) 










0.94 / (1 


+ 0 


.0072 x T) 



The results of calculation of time changes of surface 
temperature in the case when a rectangular KrF laser beam 
with pulse width 12 nsec was radiated at light intensity 2.6 
MW/cm2 are shown in FIG.l. The maximum temperature reached 
1450°C. However, the cooling speed after laser beam 
radiation was low, and the substrate surface temperature 
went down to lot at l\l sec, and the substrate surface 
temperature was 0°C at 100 u sec. This is because the heat 
diffusion in a silicon substrate is very fast, and it may be 
said that heating effect is instantaneous. 

In contrast, heat distribution in the case of radiation 
of Nd : YAG laser beam that is an infrared light is deep and 
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lasts long since the absorption coefficient thereof is 
small. Consequently, in the case using Nd : YAG laser beam, 
laser groups are not formed, and conditions for making a 
surface layer amorphous are very severe, so control becomes 
difficult, 

And, when excimer laser beam passes through oxygen 
atmosphere, ozone is generated. The molecular structure of 
ozone is of an isosceles triangle, and its bond angle (apex 
angle) is 116.8°. The bond distance at a side forming the 
apex angle is 1.278A, while that at bottom side is 2.18A. 

Silicon melted by excimer laser beam radiation has a 
structure wherein about 500 to 1000 clusters of silicon atom 
are moving actively. The structure in a cluster is almost 
same as the structure of silicon. 

The chemical absorption site on silicon surface is a 
bridge of a hollow site, and one oxygen atom is absorbed 
therein, and it diffuses inside, which is the initial 
process of oxidation. Oxygen at the apex where ozone 
generated by excimer laser beam gets back into oxygen 
molecular is absorbed into this bridge site to form an 
Si-O-Si combination. Thus oxygen is brought inside even 
during melting by movement of clusters. Accordingly, when it 
is exposed to a melted structure formed by excimer laser 
beam, and ozone formed by excimer laser, it is possible to 
realize a high oxygen concentration. 

9 
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[Description of Preferred Embodiments] 

[Preferred Embodiment 1] 

As excimer laser, KrF excimer laser with wave length 248 
nm was employed. The pulse width (FWHM) was 12 nsec, 
repetition was at 90 Hz. Time average light intensity was 60 
M, that is, energy per one pulse was about 0.7 J. This laser 
pulse was converged in linear shape by a cylindrical lens. 
The beam size was 5 x 0.01 cm. Energy density was 14 J/cm^. 
This energy density is smaller by about two digits than the 
case using Nd : YAG laser, but the absorption coefficient 
thereof is larger by five digits, therefore, such a small 
value as this is sufficient. And energy density may be 
small, and these are reasons for that controllability of 
excimer laser is better than that of Nd : YAG laser. 

The silicon substrate used herein was an n-type (100) 
substrate with specific resistance 1012cm, and the oxygen 
concentration thereof was 2 x ion pieces/cm3. One surface of 
the substrate was lapped and polished, while the other 
surface was polished into specular finish. The above KrF 
excimer laser beam was radiated onto the lapped and polished 
surface. During radiation, the substrate was moved at right 
angle with the length direction of the laser beam, and 
melted flows by laser radiation were formed at pitch 1 mm. 

A melted flaw comprises an amorphous layer at the 
surface, and a melted recrystalized area at the inside. Main 

10 
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deformation is concentrated on near the boundary between the 
amorphous layer and the melted recrys tali zed area. The size 
thereof is determined by temperature curve at laser 
radiation. Since it is possible to realize a far large 
temperature curve by excimer laser than by Nd : YAG laser, 
accordingly, it is possible to sufficiently create crystal 
flaws to become gettering site even with a low energy 
density with which laser groups are not formed. Actually, 
when heat treatment was carried out at 1100°C for two hours 

by use of this deformation, the amorphous layer became 
polycrystalline, and it was possible to create 105 to 10 7 
pieces/cm3 of surface flaws. Further, the substrate was 
charged into manufacturing process of 64-Kbit static random 
access memory element. Conventionally, the method for 
deforming by use of such fine particles as mentioned above 
and the intrinsic gettering method have been employed in 
combination, however, according to a method under the 
present invention, it has been possible to obtain the same 
good product ratio as by the combination of conventional 
methods . 

[Preferred Embodiment 2] 

Under the same conditions as in the first preferred 
embodiment, atmosphere was made oxygen, and laser radiation 
was carried out. At this moment, the oxygen amount to be 
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solved into silicon depends on oxygen partial pressure. This 
relation is shown in FIG. 2. As a buffer gas, argon was used. 
When ArF excimer laser is employed, ozone generation 
efficiency is increased, and the same amount of oxygen may 
be solved at oxygen partial pressure lower than in the case 
using KrF excimer laser. 

The results of investigation on the relation between 
laser power and solved oxygen concentration by use of KrF 
excimer laser are shown in FIG. 3. The larger the laser power 
is, the more oxygen is solved, because much of ozone is 
generated, and the larger the power is, the higher the 
temperature of solved silicon gets, the smaller the size of 
clusters becomes and the more actively clusters move and 
take in oxygen more. 
[Effect of the Invention] 

As described heretofore, an extrinsic gettering method 
according to the present invention using excimer laser has 
the following effects. 1) It is clean. 2) The method wherein 
impurities are diffused as mentioned in the section Prior 
Art requires heat treatment at high temperature, but the 
present invention may be embodied at room temperature. 3) 
Only a substrate surface gets at high temperature, therefore 
the above method may be carried out even after device 
process. 4) The above method does not depend on transmission 
types and oxygen concentration of substrate. 5) The above 
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method is so soft as not to cause camber. As a consequence, 
the ebove method according to the present invention may be 
said to be an effective method for giving deformation for 
future silicon substrates and so forth with large diameter. 
4. Brief Description of the Drawings 

FIG . 1 is a graph showing time changes of surface 
temperature at radiation of KrF excimer laser beam. FIG. 2 is 
a graph showing the relation between oxygen partial pressure 
and solved oxygen concentration at radiation of KrF excimer 
laser beam. FIG. 3 is a graph showing the relation between 
energy density and solved oxygen concentration of KrF 
excimer laser. 

Agent Patent Lawyer Susumu Uchihara 
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[FIG. 2] Oxygen concentration 
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